I
nfections with Salmonella spp. are a major health concern for humans and animals on a global scale. Although most cases of salmonellosis result in uncomplicated diarrhea, elderly and immunocompromised persons can be at risk for more severe invasive infections, which can be life-threatening and may require antimicrobial drug therapy (1) . The drugs of choice for treating these invasive infections are fluoroquinolones (for adults) or cephalosporins.
One of the main drivers of antimicrobial drug resistance in Salmonella spp. is use of antimicrobial drugs in food-producing animals. For example, high rates of cephalosporin resistance in Salmonella enterica serovar Heidelberg isolated from poultry, retail chicken meat, and humans were observed in Quebec, Canada in 2003. After a voluntary withdrawal of cephalosporins was instituted by the Quebec broiler industry in 2005, rates of ceftiofur resistance dramatically decreased in animals and humans (2) .
As with cephalosporin resistance, ciprofloxacin resistance in Salmonella spp. is a growing concern. Recently, S. enterica serovar Kentucky isolates have been described in Europe and Africa that were ciprofloxacin resistant (3). In addition, these isolates were resistant to multiple classes of antimicrobial drugs, which further complicates treatment options for invasive disease. No S. enterica serovar Kentucky isolates submitted to the National Antimicrobial Resistance Monitoring System in the United States were ciprofloxacin resistant (3) . The purpose of this study was to describe the epidemiology and characterize isolates of ciprofloxacin-resistant S. enterica serovar Kentucky identified in Canada.
The Study
The Canadian Integrated Program for Antimicrobial Resistance Surveillance (CIPARS), established in 2003, monitors antimicrobial drug use and resistance in selected species of enteric bacteria from humans, animals, and animal-derived food sources across Canada (www. phac-aspc.gc.ca/ cipars-picra/surv-eng.php). Human Salmonella isolates were submitted by all provincial public health laboratories in Canada to the National Microbiology Laboratory for further characterization. Antimicrobial drug susceptibility testing was performed by using broth microdilution (Sensititer Automated Microbiology System; Trek Diagnostic Systems Ltd., Westlake, OH, USA) and breakpoints established by the Clinical Laboratory Standards Institute (4).
A total of 76 S. enterica serovar Kentucky isolates were submitted to the CIPARS program during 2003-2009, and 23 (30%) isolates showed ciprofloxacin resistance (MIC ≥4 mg/L) during the study (Figure 1 ). Thirty-five (46%) isolates were susceptible to all antimicrobial drugs tested. Ciprofloxacin-resistant isolates were identified from human case-patients in British Columbia (n = 2), Alberta (n = 2), Saskatchewan (n = 1), Ontario (n = 12), Quebec (n = 5), and Prince Edward Island (n = 1). Age information was available for 54 of 76 case-patients infected with S. enterica serovar Kentucky during the study period.
Of these isolates, 11 (14.5%) were resistant to ciprofloxacin. Ciprofloxacin resistance was observed among case-patients 18-69 years of age, and 5 of 11 were 18-29 years of age. Case-patients 18-29 years of age were 8 times more likely to have a ciprofloxacin-resistant strain than case-patients 50-69 years of age (odds ratio [OR] 8.3, 95% CI 1.034-67.198, p = 0.046). Of 21 ciprofloxacin-resistant isolates from case-patients who reported site of isolation, 20 were identified from feces and 1 from urine. There were no differences in site of isolation between ciprofloxacinresistant and ciprofloxacin-susceptible S. enterica serovar Kentucky isolates. Although the total number of isolates associated with human infections was rare, of the 21,426 nontyphoidal Salmonella spp. submitted for susceptibility testing as part of the human component of the CIPARS program since 2003, S. enterica serovar Kentucky had a significantly higher rate of ciprofloxacin resistance than all other nontyphoidal Salmonella isolates and comprised 66% (23/35; p<0.0001) of all ciprofloxacin-resistant isolates identified during that period.
In Canada, ciprofloxacin-resistant S. enterica serovar Kentucky was first identified in 2005, when 22% (2/9) of isolates submitted for drug susceptibility testing were resistant to this drug. A significant increase (OR 10.5, 95% CI (Figure 1 ). The number of cases reported in Canada is comparable with that reported in Denmark over a similar period (3) .
We typed all isolates by using pulsed-field gel electrophoresis as described and restriction enzyme XbaI (5). A dendrogram depicting the results was generated with BioNumerics version 3.5 (Applied Maths, Sint-Martens-Latem, Belgium) and is shown in Figure 2 . All ciprofloxacin-resistant isolates clustered with a percentage similarity >80%; only 1 ciprofloxacin-susceptible isolate was found in this cluster (Figure 2, panel A) .
Multilocus sequence typing (MLST) was performed on a subset of 8 isolates on the basis of differences in pulsed-field gel electrophoresis patterns and variations in antimicrobial drug resistance. Data were submitted to the MLST database website (http://mlst.ucc.ie/mlst/dbs/Senterica) to determine MLST types (6) . All isolates tested were sequence type (ST) 198 (Figure 2, panel B) . This sequence type and similar antimicrobial drug resistance patterns have been recently reported in France, England and Wales, Denmark, Belgium, and Africa (3, 7, 8) .
Many ST198 multidrug-resistant isolates observed in Europe and Africa contained Salmonella genomic island 1 (SGI1) variants, particularly, SGI1-K, SGI1-Q, and SGI1-P. To determine whether ciprofloxacin-resistant isolates from Canada harbored similar SGI1 variants, we used PCR to detect the chromosomal left and right junctions of SGI1 as described (9, 10) . The right junction was found in 22 of 23 isolates, and the left junction was found in 18 of 23 isolates ( Figure 2, panel B) . Further studies are needed to identify specific SGI variants in the isolates.
Analysis of S. enterica serovar Kentucky isolates obtained during 2003-2009 from animal and retail meat samples as part of CIPARS did not identify any ciprofloxacin-resistant isolates (www.phac-aspc.gc.ca/ciparspicra/index-eng.php). This finding suggests that human infections in Canada were not acquired from domestically produced food. Many ciprofloxacin-resistant S. enterica serovar Kentucky human infections identified in Europe have been linked to travel to countries in Africa (3). Of 23 case-patients in Canada, we obtained travel history for 11. Travel history was defined as previous travel out of Canada within the past 7 days. Four case-patients had traveled to Morocco (1 also had traveled to Spain and Portugal), 3 had traveled to Egypt, 1 had traveled to Libya, and 3 had traveled to Africa (no country reported).
Conclusions
Resistance to ciprofloxacin in Salmonella spp. is a growing concern because it limits the ability to treat invasive disease. In this study, we described the characteristics of ciprofloxacin-resistant S. enterica serovar Kentucky isolates in Canada. Similar drug-resistance patterns and genetic backgrounds of S. enterica serovar Kentucky have been observed in Europe and linked to travel to countries in Africa (3). That most isolates had multidrug resistance phenotypes is of particular concern. Further studies are required to determine risk factors for acquisition of these infections in Canada.
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